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Description 
Cerebral Temperature Control 

Background of Invention 
[0001] Technical field of the invention 

[0002] The present invention refers to the control of the temper- 
ature of the brain of a living being, and especially to cool- 
ing of the brain. 

[0003] | n pathological conditions, the body temperature or the 
temperature of the body parts of a living being influences 
the healing process and the risk of permanent damage. 
Cancer cells, for example, are heat sensitive and a local 
heating of the blood flow around a cancer tumor may for 
some types of cancer constitute a treatment resulting in 
restrained tumor growth or in some cases even in a 
shrinking of the tumor. In other cases cooling of a body 
part may be important to reduce adverse secondary 
symptoms of the pathological condition. 

[0004] | n the case of a stroke, the blood flow to the brain is re- 
duced (ischemia) due to a hemorrhage or the clogging of 



a blood vessel. This condition will cause permanent func- 
tional deficits unless treatment to restore blood flow and 
protect nerve cells is initiated at an early stage, which will 
reduce the loss of bodily functions, such as paralysis. It is 
well known that cooling the brain effectively blocks the 
development of cellular damage after an episode of is- 
chemia. Cooling of the patient suffering transient circula- 
tory arrest to the brain results in a reduction of the symp- 
toms of neurological deficit. However, there are certain 
problems associated with whole body cooling. One is that 
the cooling is not fast enough to effectively use its pro- 
tective potential. Another problem is that whole body 
cooling must be carried out under close control of physio- 
logical parameters or under anesthesia. Yet another prob- 
lem is that there is a risk of cardiovascular complications. 

[0005] | n the case of a circulatory arrest, the brain can suffer 

permanent damage if the arrest exceeds a time period of 
about 5-15 minutes. However, if the temperature of the 
brain is lowered before or after the arrest the brain dam- 
age is diminished. 

[0006] | n the case of brain trauma the brain suffers from open or 
close head concussion. Hypothermia has been shown to 
diminish traumatic brain injury in such cases. 



[0007] There are several methods in the prior art to carry out a 
more isolated cooling of a single organ or body part. An 
example of cooling of the brain in a human being is dis- 
closed in the patent document WO 98/23217, relating to 
a method of cerebral retro-perfusion and retro-infusion, 
involving the cooling of arterial blood that then is re- 
turned to the entire brain. However, this method entails a 
large and complicated surgical procedure, which delays 
the inset of an actual treatment. 

[0008] T he U.S. Pat. No. 5,906,588 discloses a method and a de- 
vice for heart-lung bypass and cooling of a specific body 
part. This disclosure primarily relates to complicated heart 
surgery and organ transplantation. 

[0009] The US patent application 10/072,857 discloses a first 
phase comprising the step of introducing an infusion 
catheter for infusion of a temperature controlled infusion 
solution or perfusate into a vein initiating quick general 
body hypothermia. An optional second phase, wherein a 
second infusion catheter is introduced into an artery of 
the living being, the second infusion catheter being con- 
figured to provide selective temperature control of the 
brain and infusion of other important substrates and 
pharmacological compounds into the brain. A third phase 



is also disclosed, wherein an extra-corporeal circuit is es- 
tablished between a vein and an artery. Blood is with- 
drawn from the vein, the temperature of the blood is 
modified outside the body and the blood is returned to 
the body through the artery. 
[0010] Purpose of the invention 

[001 1] a purpose of the present invention is to provide a system 
and a method for quick and efficient control of the tem- 
perature of the brain without changing the temperature of 
the rest of the body. An aim of the invention is to provide 
a system and a method that is simple and initially does 
not require specialized personnel acquainted with for ex- 
ample radiology or other diagnostic imaging techniques. 
Summary of Invention 

[0012] The above-mentioned purpose and aim, amongst others, 
are fulfilled by means of a system, a method, a special de- 
signed catheter means and a kit of disposables according 
to the independent claims. Further embodiments of the 
invention are defined in the dependent claims. 

[0013] By means of the present invention, the naso-pharyngeal 
membranes can be temperature regulated, e.g. cooled or 
heated, whereby the cold or heat is transmitted to the ad- 



jacent arterial and venous structures, which in turn is 
transmitting the cold or heat to the brain. In this way, the 
temperature of the brain parenchyma can be reduced or 
increased without any direct contact with vascular system. 
Brief Description of Drawings 

[0014] The present invention will be described with reference to 
the accompanying drawings, in which: 

[0015] FIG. 1 schematically shows a first embodiment of a system 
according to the present invention; 

[0016] FIG. 2 schematically shows a second embodiment of a 
system according to the present invention; 

[0017] FIG. 3 schematically shows a side view of the double lu- 
men catheter means arranged at the inner surface of the 
nose and epipharynx of a patient; 

[0018] FIG. 4 shows an example of the registered temperature 
variation in the brain as a function of the time, when the 
inventive system and method is applied to a laboratory 
animal in the form of a pig; 

[0019] FIG. 5 schematically shows two temperature sensors, each 
of which is arranged in an auditory canal; and 

[0020] FIGS 6A and 6B schematically shows side views of a third 
embodiment of a system according to the present inven- 
tion. 



Detailed Description 



[0021] The present invention will now be described with refer- 
ence to the accompanying figures. FIG. 1 shows a first 
embodiment of an inventive system 10 for cerebral tem- 
perature control of a living being, in which embodiment 
the system comprises one double lumen catheter. FIG. 2 
shows schematically a second embodiment of the inven- 
tive system, which system comprises two double lumen 
catheters to be introduced in respective nostril of a living 
being. By means of two catheter means, the temperature 
regulation is accomplished more effectively and quicker. 

[0022] | n the figures, the same reference numerals are used to 
indicated corresponding components. Further, in FIG. 2, 
the corresponding components and details of the respec- 
tive catheter means are distinguished by means of the ad- 
dition of the letter a respective b to the reference nu- 
meral. Arrows are used to show the flow direction of the 
fluid in the system. However, as understood by the skilled 
person the fluid flow can have the opposite direction to 
that indicated in the figures. 

[0023] The system 10 comprises a double lumen balloon catheter 
means 30, 30a, 30b configured to be introduced through 
a nostril of a living being and to be placed with its tip at 



the level of the back of the tongue, cf. FIG. 3. 

[0024] The double lumen balloon catheter means 30, 30a, 30b 
comprises a first lumen 32, 32a, 32b and a second lumen 
38, 38a, 38b. The first and second lumens 32, 38 are ar- 
ranged in fluid communication by means of a set of end 
openings 34, 34a, 34b. The second lumen 38 is config- 
ured as an expandable balloon 38. 

[0025] The system 10 comprises further a temperature regulator 
24 connected to a reservoir 20 comprising a fluid 22. The 
temperature regulator 24 is configured to regulate the 
temperature of the fluid 22 comprised in the reservoir. 
The fluid 22 is for example a saline solution. Means 12, 
12a, 12b, 14, 16, 16a, 16b for circulating said tempera- 
ture regulated fluid 22 from the reservoir 20 to the 
catheter means 30, 30a, 30b are also provided. The 
means 12, 12a, 12b, 14, 16, 16a, 16b are configured to 
circulate the fluid 22 into the first lumen 32, 32a, 32b of 
the catheter means 30, 30a, 30b, from the first lumen 32, 
32a, 32b into the second lumen 38, 38a, 38b, and from 
the second lumen 38, 38a, 38b back to said reservoir 20. 

[0026] The means 12, 12a, 12b, 14, 16, 16a, 16b for circulating 
said temperature regulated fluid 22 comprises a set of 
tubings 12, 12a, 12b, 14, 16, 16a, 16b configured to con- 



nect the catheter means 30, 30a, 30b to the reservoir 20. 

[0027] | n USGj w hen the fluid enters the second catheter 38, 38a, 
38b, the second catheter means 38, 38a, 38b is expanded 
as a balloon to completely or almost completely cover the 
inner surface of the nose and epipharynx, whereby the 
naso-pharyngeal membranes is temperature regulated, cf. 
FIG. 3. The temperature is transferred to adjacent arterial 
and venous structures, which are transferring the temper- 
ature to the brain. 

[0028] Further, by means of the inventive arrangement the tem- 
perature regulated fluid 22 circulates in a closed fluid 
system 12, 12a, 12b, 14, 16, 16a, 16b, 30a, 30b, 20. 

[0029] The inventive double lumen balloon catheter means 30, 
30a, 30b comprises an inlet 31, 31a, 31b arranged to 
provide fluid communication with the reservoir 20 and 
with the first lumen 32, 32a, 32b. The inlet 31, 31a, 31b 
is further configured to receive an amount of the temper- 
ature regulated fluid 22 from the reservoir 20. The first 
lumen 32, 32a, 32b has a set of distal end openings 34, 
34a, 34b in a front end portion 36, 36a, 36b of the 
catheter means 30, 30a, 30b. The end openings 34, 34a, 
34b being arranged to provide fluid communication with 
said second lumen 38, 38a, 38b. The catheter means 30, 



30a, 30b further comprises an outlet 33, 33a, 33b config- 
ured to provide fluid communication with the second lu- 
men 38, 38a, 38b and with the reservoir 20. 

[0030] T he inlet 31, 31a, 31b and the outlet 33, 33a, 33b being 
arranged at an end portion 40, 40a, 40b of the catheter 
means 30, 30a, 30b. 

[0031] According to an embodiment, the catheter means 30, 30a, 
30b has a length L of approximately 20 25 cm. In ex- 
panded state, the diameter A of the catheter means at a 
front part 36, 36a, 36b of the catheter means is approxi- 
mately 2 4 cm and the diameter B of the catheter means 
at a base part 37, 37a, 37b of the catheter means is ap- 
proximately 1- 3 cm, but these figures can be exceeded if 
balloon pressure is increased. 

[0032] According to an embodiment of the invention, the circula- 
tion of the fluid 22 is accomplished by means of the hy- 
drostatic pressure of the fluid 22 in the reservoir 20. 
However, according to another embodiment of the inven- 
tion, the means 12, 14, 16 for circulating the temperature 
regulated fluid 22 further comprises a pumping means 18 
arranged between the reservoir 20 and the catheter means 
30, 30a, 30b by means of tubings 12, 12a, 12b, 14. Thus, 
it should be understood that the pumping means 18 i 1 1 us— 



trated in FIGS. 1 and 2 is optional. 
[0033] The circulation means for circulating the fluid is prefer- 
ably configured to provided a fluid flow rate of 200 - 
1000 ml /min. 

[0034] The inventive system can also comprise a pressure regu- 
lating nozzle 26, 26a, 26b arranged at the tubings 16, 
16a, 16b. The pressure regulating nozzle 26, 26a, 26b is 
arranged close to the reservoir 20 and being configured to 
provide a resistance in the tubings, whereby the fluid 
flowing in the system is able to expand the double lumen 
catheter means (cf. FIG 3). 

[0035] The system can also comprise a temperature sensor 50 
(cf. FIG. 5) configured to be arranged in an auditory canal 
of the living being. The temperature sensor is connectable 
to the temperature regulator 24, configured to register 
the temperature of the brain and to automatically control 
the temperature regulator 24 to regulate the temperature 
of the fluid in the reservoir 20 in order to maintain the 
temperature of the brain at a desired level. The tempera- 
ture sensor is for example an IR thermistor and the de- 
sired brain temperature level is approximately 31- 32 de- 
grees Celsius. 

[0036] The present invention also relates to a double lumen bal- 



loon catheter means 30, 30a, 30b. The catheter means 
30, 30a, 30b is configured to be introduced through a 
nostril of a living being and to be placed with its tip at the 
level of the back of the tongue. The catheter means 30, 
30a, 30b comprises a first lumen 32, 32a, 32b and a sec- 
ond lumen 38, 38a, 38b. The first and second lumens 32, 
32a, 32b, 38, 38a, 38b are configured to be in fluid com- 
munication by means of a set of end openings 34, 34a, 
34b. The second lumen 38, 38a, 38b being configured as 
an expandable balloon 38. 
[0037] The catheter means 30, 30a, 30b further comprises an in- 
let 31, 31a, 31b arrangeable in fluid communication with 
a reservoir 20 and with the first lumen 32, 32a, 32b. The 
inlet 31, 31a, 31b is further configured to receive a fluid 
22 from the reservoir 20. The first lumen 32, 32a, 32b 
has a set of distal end openings 34, 34a, 34b in a front 
end portion 36, 36a, 36b of the catheter means 30, 30a, 
30b, which end openings 34, 34a, 34b being arrangeable 
in fluid communication with the second lumen 38, 38a, 
38b. The catheter means 30, 30a, 30b further comprises 
an outlet 33, 33a, 33b arrangeable in fluid communication 
with the second lumen 38, 38a, 38b and with the reservoir 
20. 



[0038] T he inlet 31, 31a, 31b and outlet 33, 33a, 33b are prefer- 
ably arranged at an end portion 40, 40a, 40b of the 
catheter means 30, 30a, 30b. 

[0039] The catheter means 30, 30a, 30b is for example manufac- 
tured of a flexible material such as plastic, synthetic latex, 
silicone or Gore-Tex. 

[0040] The present invention also relates to a kit of disposables 
for use in the inventive system. The kit comprises a plu- 
rality of tubings, and the double lumen balloon catheter 
means 30. 

[0041] The invention relates also to a method for cerebral tem- 
perature control. The method comprises the steps of: 

[0042] ioo introducing a double lumen balloon catheter means 
through a nostril of a living being; 

[0043] 102 placing said catheter means with its tip at the level of 
the back of the tongue; 

[0044] 104 temperature regulating a fluid in a reservoir; 

[0045] 106 circulating said temperature regulated fluid from said 
reservoir into a first lumen of said catheter means, from 
said first lumen into a second lumen of said catheter 
means, and from said second lumen back to said reser- 
voir, whereby the balloon is expanded to completely cover 
the inner surface of the nose and epipharynx and whereby 



said temperature regulated fluid circulates in a closed 
fluid system. 

[0046] The step 106 of circulating said temperature regulated 
fluid comprises the step of pumping said fluid from said 
reservoir, to said catheter means and back to said reser- 
voir via said first and second lumens by means of a 
pumping means. 

[0047] The temperature regulated fluid circulates at a flow rate in 
the interval of approximately 200 - 1000 ml/min. 

[0048] The method can further comprise the steps of placing a 
temperature sensor in an auditory canal of the living be- 
ing, of registering the brain temperature by means of said 
temperature sensor and of temperature regulating the 
fluid in dependence of said registered brain temperature 
in order to maintain the brain temperature at a desired 
level. 

[0049] The step of temperature regulating said fluid comprises 
the step of cooling said fluid in order to obtain a brain 
temperature of approximately 31- 32 degrees Celsius. 

[0050] FIG. 4 schematically shows how the registered tempera- 
ture in the left and right brain hemisphere dramatically is 
reduced after the onset of the inventive method, while the 
registered temperature in the rectum remains almost un- 



changed. In the performed experiment, a double lumen 
catheter means was introduced in respective nostril of the 
pig. The temperature regulator cooled the fluid. Circula- 
tion of cold fluid started approximately at 10:18 and 
stopped approximately at 10:41. As seen from FIG. 4 the 
registered temperature in the left and right brain hemi- 
sphere is dramatically reduced within a short period of 
time after the start and increases again after the stop. 
Further, the temperature of the rectum is almost un- 
changed. Thus, a selectively cooling of the brain is ac- 
complished. 

[0051] The present invention has been described with reference 
to embodiments and an example. However, it should be 
understood that modifications of components or func- 
tional steps can be performed without falling outside the 
scope of the invention. As an example, another embodi- 
ment of the invention will now be described with reference 
to FIGS. 6A and 6B. A double balloon catheter 60 (cf. FIG 
6A) is introduced through one nostril. The inner balloon 
62, when expanded, fixates the soft palatinum and oc- 
cludes the entrance to the mouth. The second balloon 64 
is configured to occlude the nostril. A second balloon 
catheter 68 (cf. FIG. 6B) is placed into the other nostril, 



the second balloon catheter 68 having a balloon 70 con- 
figured to occlude the nostril. A temperature regulated 
fluid, e.g. cold saline, is injected into the first catheter 60 
and leaves through side holes 66 arranged between the 
balloons 62, 64 of the first catheter 60. The cold saline 
flushes the cavum nasae and epipharynx and leaves 
through the other nostril, whereby the naso-pharyngeal 
membranes is temperature regulated. It should be under- 
stood that the pumping means, tubings, fluid reservoir, 
temperature regulated means or other elements described 
above can be used in this embodiment. 



